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INTRODUCTION
Depending on their species composition, abundance, and age structure, fish communities can support or hinder water quality management (De Backer et al. 2012 , Gołdyn et al. 2014 , biodiversity conservation (Kruk and Penczak 2003 , Kukuła 2003 , Paulovits et al. 2014 , Ciepłucha et al. 2016 ) and other valuable ecosystem services, such as the provision of food or leisure (Wołos and Piskorski 1991 , Szlakowski and Wiśniewolski 2001 , Kaczkowski and Grabowska 2016 . Fish communities are especially important in artificially created systems, such as reservoirs, that must usually be managed to reconcile social expectations with conservation or maintenance goals (Zalewski 1998 , Starmach and Jelonek 2001 , Wagner et. al. 2009 , Triest et al. 2016 . According to Kubečka (1993) , under common conditions in central and eastern Europe, six different types of fish fauna can be expected depending on the successional stage of a reservoir; in the case of shallow lowland reservoirs, such as Sulejów Reservoir (Poland), a cyprinid-dominated fish community should be the anticipated mature ichthyocoenoses (Kubečka 1993) . Even though this functional faunal type seems to be common and widespread, information about longterm temporal changes in the fish community structure of shallow and nutrient-rich reservoirs is rather scarce and mostly limited to deeper, canyon-shaped reservoirs (Gido et al. 2000 , Scharf 2008 , Říha et al. 2009 ).
Roach, Rutilus rutilus (Linnaeus, 1758) , bream, Abramis brama (Linnaeus, 1758) , and white bream, Blicca bjoerkna (Linnaeus, 1758) , are the major contributors to cypriniddominated fish communities in combination with a smaller proportion of percids such as perch, Perca fluviatilis Linnaeus, 1758 , pike-perch, Sander lucioperca (Linnaeus, 1758 , and ruffe, Gymnocephalus cernuus (Linnaeus, 1758) . The first two of these percid species are the major target of commercial and recreational fisheries, but in cypriniddominated lakes, they are secondary players in term of their impact on food web dynamics and water quality maintenance. Cyprinid species are more competitive for shared food resources, such as planktonic crustaceans or benthic invertebrates, if compared to perch or other percids (Hrbaček et al. 1986 , Persson 1986 , Sed'a et al. 1989 , Persson and Hansson 1999 . Another advantage held by cyprinids is their highly efficient, r-selected mode of reproduction combined with typically weak top-down control by predators due to the prolonged omnivory of young perch age classes and widespread overfishing of obligate piscivores such as pike-perch or larger perch specimens (Eero 2004 , Allan et al. 2005 , Mehner 2010 , Psuty 2010 .
Two dominant cyprinids, roach and bream, often occur in approximately the same proportions, as presented in the review by Kubečka (1993) , which suggests that neither fish was more competitive in the analysed reservoirs. However, numerous detailed life-trait studies show that each species has different adaptive traits influencing their competitive skills. Roach are much more flexible in terms of the location of their spawning grounds, being able to utilize even small tributaries and to tolerate a wider range of spawning substrates. In turn, bream are theoretically more efficient at utilizing different food sources, such as benthos or zooplankton, and their high-backed bodies deter predation. Furthermore, as a multiple spawner, the species can better overcome short-term, unfavourable environmental conditions (Pivnička and Švátora 1977 , van den Berg 1993 , Mann 1996 , Nagelkerke and Sibbing 1996 , Kakareko 2001 , Prus 2009 , Targońska et al. 2014 . As a result, short-term fluctuations in the populations of these two species should be expected.
The main objective of this study was to investigate the structure of the fish community in Sulejów Reservoir, Central Poland, over a 20-year period. We addressed the following questions: • To what extent does the structure of the fish community in Sulejów Reservoir follow the pattern presented by Kubečka (1993) ? • What are the possible reasons for differences, if any are observed, between the Sulejów fish community and the model faunal type in Kubečka (1993) ? • Are there any correlations between roach, common bream and pike-perch biomass and eutrophication indices (i.e., the concentrations of phosphorous and total organic carbon)?
STUDY AREA
Sulejów Reservoir is a shallow, lowland reservoir located along the middle course of the Pilica River in central Poland. The maximum length of the reservoir is 15.5 km, and the maximum width is 2.1 km. At maximum capacity (75 × 10 6 m³), the reservoir covers 22 km 2 with a mean depth of 3.3 m and a maximum depth of 11 m. The shoreline is approximately 54 km in length, and the mean water retention time of the reservoir is 30 days. The floodplain and banks are principally forested and covered by shrubs, but large areas of the floodplain are used for agriculture, which adversely impacts the quality of the water. Due to high water level fluctuations, the littoral zone is almost devoid of macrophytes, but in the sparsely vegetated lacustrine parts of the reservoir, the following macrophytes are usually found: Potamogeton lucens, Polygonum amphibium, Elodea canadensis, Galium palustre, Carex acuta, Equisetum fluviatile, Eleocharis palustris, Glyceria fluitans, and Iris pseudoacorus (see Wojtal et al. 2003 , Wojtal-Frankiewicz et al. 2015 .
Sulejów Reservoir is an eutrophic ecosystem; the mean total phosphorus concentration at spring overturn during the study period was approximately 190 μg · L -1 (ranging from 43 μg · L -1 in 2009 to 1.03 mg · L -1 in 1995), and the mean summer concentration of total organic carbon was approximately 11.6 mg · L -1 (ranging from 6.88 μg · L -1 in 2006 to 29.05 mg · L -1 in 1994). Under such conditions, summer blooms of cyanobacteria (mainly Microcystis aeruginosa and Aphanizomenon flos-aquae have frequently been observed. The mean chlorophyll concentration during the growing seasons was approximately 30 μg · L -1 , but it can exceed 100 μg · dm -3 during phytoplankton blooms (Wagner et al. 2009 ). Since 1993, the mean summer biomass of zooplankton sampled in the pelagic zone has ranged from 4 mg · L -1 to 15 mg · L -1 and has primarily consisted of the following cladocerans: Daphnia cucullata, Daphnia longispina, Leptodora kindtii, and Bosmina coregoni, but biomass peaks up to 60 mg · L -1 exclusively due to a high abundance of Bosmina coregoni, have been observed (Wojtal et al. 2004 , Wojtal--Frankiewicz et al. 2015 .
In the early 1990s, a significant episode in terms of the ecological status of the reservoir occurred; the invasion of the zebra mussel, Dreissena polymorpha resulted in the establishment of a dense population that reached up to 8000 specimens per 1 m 2 from 1996 -1999 (Abraszewska-Kowalczyk et al. 1999 .
MATERIALS AND METHODS Fish collection.
Multimesh gill nets with mesh sizes from 11 to 80 mm were used to determine fish species composition. Identical nets, each 77 m long and 3 m high and consisting of 11 different 7-m long panels (mesh panel size from knot to knot and order: 11, 24, 50, 60, 30, 70, 35, 80, 40, 20, and 16 mm) , were used for sampling. Fish aged 1 year and above were considered in this study. Gillnetting was conducted 1-2 times per month from June through November at two sites of the reservoir (Karolinów and Bronisławów) ( Fig. 1) . At each sampling time, the precise location of the sampling areas mostly depended on wind condition (strength and direction) as well as the water level of the reservoir (gillnetting only at standard water level i.e., ±166.60 m above the sea level) and the fishing pressure from anglers and other fishermen. Nets were set in the water from dusk to the dawn, and the collected fish were measured (total length, TL) and weighed to the nearest centimetre and gram, respectively. Then, the cumulative biomass of each species from all catches was calculated for each year. Water chemistry data collection. The total phosphorous (TP) and total organic carbon (TOC) concentrations in Sulejów Reservoir were obtained from routine surface water environmental monitoring by the Regional Inspectorate for Environmental Protection in Łódź. Data analysis. A principal component analysis (PCA) was applied to determine the long-term pattern of changes of the structure of the fish community in Sulejów Reservoir using arcsine-transformed data. Species whose share in the total fish biomass exceeded 5% in at least in one year were considered in this analysis. Regression analysis was used to assess the temporal changes in the relative biomass of the dominant fish species. All calculations were performed in Statistica 10 (StatSoft).
RESULTS
Gillnet surveys regularly conducted since 1993 have shown fluctuating dominance among four species in the fish community (Fig. 2) . These included three cyprinid species, the common bream, roach, and white bream, and a piscivorous percid species, the pike-perch. Other fish species that were regularly found in gillnet catches included perch, bleak, Alburnus alburnus (Linnaeus, 1758), ruffe, ide, Leuciscus idus (Linnaeus, 1758), asp, Leuciscus aspius (Linnaeus, 1758), northern pike, Esox lucius Linnaeus, 1758, and wels catfish, Silurus glanis Linnaeus, 1758 (Table 1) .
Principal component analysis revealed three components with eigenvalues greater than one, and the first two PCs explained approximately 59% of the observed variance in the composition of the fish community and the concentrations of phosphorous and carbon ( Table 2) .
The biomasses of common bream, pike-perch, and asp as well as the phosphorus and carbon concentrations were negatively correlated with the first PC, while roach and white bream were positively correlated (Fig. 3 , Table  2 ). Additionally, white bream had the highest negative loading while pike had the highest positive loading with the second PC.
Only the two first components with the highest eigenvalues were plotted for analysing the fish community composition as including other factors did not provide any additional significant information for interpreting the data. A negative relation was found between the biomasses of pike-perch and roach (r = 0.82, P < 0.0001) (Fig. 3) , but there was a positive relation between the biomass of pike-perch and the biomass of common bream (r = 0.73, P < 0.0001). Consequently, there was a highly negative relation between the biomass of common bream and that of roach (r = 0.80, P < 0.0001). An interesting temporal pattern emerged from the PCA (Fig. 4) ; from 1993 through 2000, the fish community was dominated by common bream and pike-perch but then shifted towards roach and white bream domination, despite a decline in phosphorous and carbon concentrations. Recently, this trend has been reversed, and a more balanced fish community structure has been established.
DISCUSSION
The first theoretical ichthyocoenose models bound community shifts with trophic status, but they were developed for northern, initially oligotrophic, temperate lakes (Colby et al. 1972 , Prejs 1978 and thus were not appropriate for European reservoirs, as concluded by Kubečka (1993) . Reservoirs can be eutrophicated from the moment of their origin, the biotic interactions are more complex and influenced by more dynamic hydrological regimes and management practices than in natural lakes (Hrbaček 1984 , Straškraba 1998 , Wagner et al. 2009 ). As a result, at least six characteristic fish faunal types have been distinguished among European impoundments (Kubečka 1993) , and Sulejów Reservoir seems to fit the cyprinid-dominated faunal type, which is one of the most frequent lowland reservoir ichthyocoenoses (Kubečka 1993) . According to the general model of the cyprinid-dominated faunal type, roach, common bream, and white bream constitute the major part of the fish biomass, and common bream is the most abundant, even though roach often occur in approximately the same proportions, as highlighted by Kubečka (1993) . Similar results showing fish community dominance of the common bream were obtain for many Polish large reservoirs, e.g., Jeziorsko (Andrzejewski and Mastyński 2004) , Zegrzyński (Wiśniewolski 2002 , Wiśniewolski et. al. 2004 ), Włocławek (Wiśniewolski 2002) , and Goczałkowice (Epler et al. 2005 ). However, contradictory results were obtained for Solina Reservoir (Wiśniewolski et. al. 2009 ) and in the presently reported study, in which roach had a higher biomass than common bream in Sulejów Reservoir.
A long-term data set shows a more complicated pattern for Sulejów Reservoir with bream dominance persisting until the end of the 1990s, after which the abundance of roach in gill net samples began to grow before reaching double or even triple the biomass of common bream over the next decade (Fig. 2) . The explanation for this phenomenon might be the colonization of the reservoir by the non-native bivalve the zebra mussel, Dreissena polymorpha, which was reported in the lake beginning in the mid-1990s (Abraszewska- Kowalczyk et al. 1999 ).
Among the commonly occurring fish species in Sulejów Reservoir, only roach was able to crush a wide range of Dreissena mussels and effectively utilize this new food resource (Prejs et al. 1990 , van den Berg 1993 , Nagelkerke and Sibbing 1996 , Molloy et al. 1997 , Kobak et al. 2010 , so interspecific food competition could primarily be limited to the smaller specimens (<15 cm). At this stage, roach mostly competes for zooplankton and chironomids with common and white bream (van den Berg 1993 , Nagelkerke and Sibbing 1996 , Kakareko 2001 , Prus 2009 ). Roach specimens can switch to feed on zebra mussel much faster (>160 mm TL) and more effectively than bream (>370 mm TL), and it is also able to consume much larger mussels (typically 6-18 mm long and a maximum of 19 mm) than common bream (typically 6-8 mm long and a maximum 13 mm). Thus, the species can subsequently decrease its food niche overlap with other fish species (Martyniak et al. 1987 , Prejs et al. 1990 , Nagelkerke and Sibbing 1996 , Molloy et al. 1997 , Kobak et al. 2010 , which could explain the growth of the roach population in the reservoir over time. At the end of the 20th century, mean Dreissena mussel densities in Sulejów Reservoir were estimated at several hundred individuals per 1 m 2 with the highest values ranging from 7832 to 8086 individuals per 1 m 2 (Abraszewska- Kowalczyk et al. 1999 , Stańczykowska et al. 2010 , similar to those observed in natural lakes. According to Lewandowski (2001) , the mean zebra mussel densities in 16 Masurian lakes exceeded 1000 individuals per 1 m 2 , with a maximum In the most hypertrophic locations, the densities dropped below 100 individuals per 1 m 2 , but they reached densities of 6000-9000 individuals per 1 m 2 in the most suitable locations (Lewandowski 2001) . In the Szczecin Lagoon, densities of more than one hundred thousand mussels per 1 m 2 were reported (Lewandowski 2001 , Marchowski et al. 2015 . The presence of Dreissena seems to explain only part of the observed long-term differentiation in the surveyed fish community. The increase in roach biomass was associated with a decline in bream abundance; every "strong" biomass peak of one species was accompanied by an opposing "weak" biomass peak in a second (Fig. 2) . Such a relation among two species suggests that they have similar environmental requirements and are competing for key resources, and this has been observed in other species occupying similar niches (e.g., vendace, Coregonus albula (Linnaeus, 1758), and Fontane cisco, Coregonus fontanae Schulz et Freyhof, 2003, in Lake Stechlin; Mehner et al. 2011) . Numerous studies show that either roach or common bream gain a competitive advantage depending on the level of eutrophication, while white bream shows an intermediate response (Lammens 1984 , van den Berg 1993 , Nagelkerke and Sibbing 1996 , as was observed in Sulejów Reservoir (Fig. 2) . PCA revealed that peaks in common bream biomass in Sulejów Reservoir were positively correlated with increased values of the analysed eutrophication indices (TP, TOC), especially phosphorus levels (TP, r = 0.501, P < 0.05, Fig. 3 ). This observation seems to be consistent with numerous observations pointing to roach being a more eutrophication-sensitive species; it has a more complex trophic ontogeny with more feeding guild shifts during its life span then bream (roach, with four shifts; bream, with three; Specziar and Rezsu 2009). It is also less competitive when utilizing food resources such as zooplankton (van den Berg 1993) or chironomids (Lammens 1989, Persson and Hansson 1999) , but in the absence of zebra mussels, it can shift its diet toward plant food, which becomes less available as lake trophy increases (Prejs 1984 , Horpilla 1999 . The lower resilience of roach to eutrophication is also evident in the occurrence of piscivores, especially pikeperch. The presence of predators changes the habitat use by groups of different sizes of roach, shifting juvenile refugia from pelagial to littoral areas and limiting the use of the pelagic zone to larger specimens. Consequently, roach are susceptible to pike-perch predation in the pelagial and even more susceptible to perch predation in the littoral (Lammens 1989 , Brabrand and Faafeng 1993 , Frankiewicz et al. 1996 , 1999 , Frankiewicz 1998 ). This suggests a negative correlation between roach and pikeperch densities, which was observed in Sulejów Reservoir over the 23-year survey period (Fig. 2) . Additionally, high nutrient availability usually results in increased turbidity and the loss of littoral macrophytes, which are an important juvenile roach refuge, reinforcing the vulnerability of roach to predation due to decreased littoral refuge quality (Brabrand and Faafeng 1993) . In contrast, only small bream (<20 cm) are vulnerable to predation, while larger specimens are highly robust against such top down impacts due to their high-backed body shape. Therefore, bream can more successfully coexist with piscivores and increase their foraging efficiency with increasing reservoir trophy, thus benefiting from lower competition for food resources (Lammens 1989) . According to the latest findings, external nutrient loading is decreasing due to different conservation practices aimed at mitigating diffuse pollution sources (e.g., establishing riparian buffer zones in agriculture Considering these factors, the reason for the recently reversed trend in bream/roach biomass is unknown, but one potential explanation could be the decrease in the zebra mussel population, a recent phenomenon in Polish lakes due to environmental changes (Stańczykowska et al. 2010) . Improved water quality and lower primary productivity (Godlewska et al. 2015 , Piniewski et al. 2015 may no longer be able to support large populations of filter feeders such as D. polymorpha, resulting in a declining roach population, a major mussel consumer in the reservoir. Further research is needed to confirm this hypothesis.
In conclusion, the succession of the fish community in Sulejów Reservoir towards roach domination differed from the typical bream-dominated faunal type described by Kubečka (1993) and reported for the majority of Polish reservoirs. The most likely reason for roach domination was primarily the invasion of the zebra mussel (Dreissena polymorpha), which was followed by a decrease in the external nutrient load which slowed the eutrophication rate in the reservoir.
